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I    TheShelterbeltProject
J.  M.  AIKMAN
Senior Botanist-Shelterbelt Project
N  THIS  discussion  o£  the  Shelterbelt  Project,  emphasis  is
placed on that portion o£ the work o£ the research staff in
which the writer is most interested and for which he is re-
sponsible:  The botanical investigations pertaining to the pros-
ect.   Because o£ the  connection o£ this endeavor to  the  entire
project,  the  principal  portion  of  the  report  is  preceded  by  a
statement on  organization  and a  summary  of the  methods  of
procedure employed by the research staff.   In presenting any
statements  pertaining  to  a  general  discussion  o£  the  Shelter-
belt Project, the writer is giving only his own views and is not
attempting to  report for the  entire  research  staff nor  for  the
administrative staff o£ the project.
Few proposals in the entire history of the country have at-
tracted so much interested comment as the proposed Shelterbelt
Project.  The chief reason for the diversity of views on the prac-
ticability o£ the project was the  general lack of knowledge  of
the possibilities of tree planting in the grassland region and the
general interest in such an undertaking which induced many
individuals to  offer an opinion even though it must  be  based
on  very little  definite  information.   There  seemed  to  be  little
agreement,  even among those  who thought the project might
be feasible, as to the objects of the belt or as to its most suitable
location or form.
After a six-month period o£ effort on the investigative phases
of the project, the research staff has been able,  as a result of
definitely-planned studies of each set of conditions and  o£ the
examination of all available published and unpublished reports
on the area, to organize a report on the present plant-growth
conditions existing in the shelterbelt zone.
By a plant which combined exact investigation in carefully+-
selected  sample  areas  and  general  investigation  o£  a  survey
nature,  a  picture  o£  shelterbelt  conditions  has  been  obtaihed
which  includes  the  present  shelterbelt  zone  and  bordering
areas, and yet is accurate enough for any portion o£ it to serve
as  a  working  basis.    The  conditions  studied  in  this  manner
were divided into the following units and undertaken by sep-
arate  groups  of  investigators:   (1)   Soils,   (2)  the  climate,   (3)
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native  vegetation,  (4)  existing  shelterbelt  plantings,  and  (5)
disease and insect infestations.
A soils map of the region based on general physical properties
of the soils has been prepared by Frank A. Hayes and assist-
ants from published and unpublished soil-survey material, to-
gether with  the  result  of  survey  studies  by  the  staff  on  the
broad soils units of the area.  The lands of the region have been
classified into fixed divisions based on all physical features of
soils interpreted in terms of the growth requirements of trees.
These  classes  are:    (1)  Difficult  soils-typical,  fine,  flat-lying
plains soils;  (2)  unfeasible or prohibitive soils-heavy soils of
clay`texture which, with the amount of rainfall which they re-
ceived,  cannot  be  expected  to  grow  trees  of  any  reasonable
stature;   (3)  favorable  sandy  soils-loamy  soils,  sandy  loans
and firie sandy loans;   (4)  sand dunes,  and  (5)  roughlands-
seriously-eroding "gulches" and high bouldery morainic areas.
The  work  of  Joe  Stoeckeler  in  connection  with  the  soils  in-
vestigations has been in the conduct o£ a study of the relation
o£  types  of  soils  to  survival  of  existing  trees,  with  emphasis
on their root development.
The investigation of the botanical features pertaining to the
growth and development of trees and shrubs in the shelterbelt
zone and to a study of indicator plants is under the  direction
of the writer.  He, with the assistance of John W. Hubbard and
others, has investigated the quality of tree and shrub growth,
the range of native trees and shrubs and their capabilities  of
growth in the shelterbelt zone.  All species growing naturally in
the region have beenlisted and their distribution napped. Some
study has been made of the modific`ation in structure and physi-
ology  of those  woody  plants  which,  by  their  presence  in  the
area, give evidence of being especially adapted to dry land con--
ditions . A study has also been made of the taxonomy of these
species and special forms.
Denuded shoraline.
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The investigation of existing shelterbelts has been under the
direction of J.  F. Kaylor.   Studies o£ sample  strips,  two miles
in width, have been made across the  shelterbelt area in each
state by these workers and assistants.  The following data were
tabulated for statistical study:  Size o£ plantings, percentage of
entire  area  covered  by  trees,  original  and  present  spacing,
height,  D.B.H.,  percentage  survival,  age -and  reproduction  of
the trees of different species.  Additional data collected on pres-
ent  shelterbelts  include   origin  o£  planting  materials   used,
planting methods, care of the trees and value to the farmer.
The pathological investigations conducted by Ernest Wright
on the trees and shrubs of the area have been directed toward
a study of those  diseases which  give  evidence  of  becoming  a
controlling factor in the survival of certain trees and shrubs of
the area.
Even an incomplete organization of all of the data at present
available on the  conditions for tree  growth in the  shelterbelt
zone would seem to offer a basis for agreement on some of the
most debatable questions pertaining to the establishment of the
shelterbelt.
1.    The  location  o£ the  shelterbelt  as  it  is  now  napped  by
those in charge of the project shows a very close correlation to
the position of the mixed-prairie zone within the  grassland o£
central  United  States.   This  zone  occupies  a  strip  about  100
miles wide, lying between the prairie  region on the  east and
the short grass plains on the west, and encroaches about equally
on both areas as they are represented on the Shantz and Zon
map included in the Atlas of American Agriculture.
2.    Even within this zone  there  is much hard,  flat  land  on.
which belts of trees will grow effectively only when very care-
fully handled.   This is because  of the  rather  superficial  char-
acter of the moisture supply.
3.    Throughout the  entire  area,  however,  it  seems possible
and would probably be advisable to establish individual shelter-
belts around the farm homes for protection to farm buildings,
small gardens and, in some places, to small farm orchards.
4.    Within the zone there is an area of favorable porous soil
nearly equal in extent to that of the hard, flat land on which
belts o£ trees would make good growth under favorable cultural
conditions.
5.    In and closely bordering the sand areas within the region
and in broken land bordering drainages, there is an aggregate
of many thousands of acres of land in which the roots of planted
trees would come into contact with quantities of surplus avail-
able  water  sufficient  for  adequate  tree  growth.   Water  from
these  sources,  unavailable  to  crops  because  of  the  roughness
or  the  sandy  nature  of  the  land,  would  support  a  sufficient
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growth of trees to cause the transpiration into the atmosphere
o£ the area o£ large quantities o£ water which would otherwise
be subject to more or less rapid drainage.
6.    The local protection induced by these three classes o£ tree
growth:  Homestead plantings, shelterbelts limited to the favor-
able portions of the farm land of the area,  and larger planta-
tions of trees on sandy and broken land; would seem to justify
their  planting  without  assuming  any  general  climatic  effects
from shelterbelt planting.
Botanical Investiga;tion of the Na,tive Vegeta,tion
The grassland formation o£ central United States is made up
of the true prairie in the  eastern part  and o£ the  short grass
plains in the western part.   There  is no  definite  dividing line
between these two plant communities. The zone which lies be-
tween the two is composed of both tall and short grasses;  the
tall grass growing in bunches and the short grass covering the
ground  occurring  between  the  bunches  with  a  more  or  less
dense cover of short sod.
This mixed prairie zone is limited on its western boundary
by a line east of which sufficient rain penetrates the soil to wet
it periodically to a depth varying from 24 to 30 inches.  Roots of
plants  for  a  greater part  of  the  time  penetrate  the  soil  to  a
depth o£ at least 24  inches  and obtain moisture  for  sustained
growth for a period of at least two and one-half months of each
year.  The presence of a permanent tall-grass population is thus
assured although there is insufficient moisture to insure a full
stand of tall grass.  On the upland soil west of the belt, a period-
ical shortage o£ water even at a depth of 18  inches precludes
the maintenance of a definite  tall grass population within  the
short grass cover.   The vegetation  is  typically  short grass,  al-
though  some  few  tall  grasses  o£  a  xeric  type,  as  wire  grass,
AristcLtCL,  SP.,  are  Often Present.
The eastern boundary o£ the mixed prairie  may  be  consid-
ered to be a line west of which prairie grasses, with a typical
bunch-grass  habit  no  longer  entirely  dominate  the  area  but
share dominance with short grasses which became permanently
established.   Many  isolated  areas  west  of  the  mixed  prairie
zone, because o£ the more porous sandy nature of the soil, are
characterized by a cover of mixed prairie grasses.  Also, several
isolated  areas  of  heavy,  impervious  soil,  within  the  mixed
prairie zone, as those east of the Missouri River in the Dakotas
from  Bismarck  to  Chamberlain,  almost  entirely  prevent  the
establishment  o£  the  true  prairie  grass  components  of  the
mixed  prairie.   In  some  parts  o£  these  areas  the  absence  of
prairie  grasses  may  be  attributed,  to  some  extent,  to  severe
grazing.  The depth o£ penetration o£ roots in the more favor-
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able soils in the mixed prairie zone would seem to insure the
establishment within the zone o£ tree species which are espec-
cially adapted to more  xeric  conditions.   Trees  in  the  better-
established shelterbelts in this zone have been able to extend
their roots to a greater depth than 30 inches, especially under
conditions which,  to any extent simulate  forest  conditions,  in
the  regular  addition  o£  duff  to  the  soil  and  the  collection  o£
additional snow by the trees and shrubs.
Natbve Tree and Shrub CormrmurmitLes
Within  the  shelterbelt  zone,  where  the  climax  vegetation
is predominantly  mixed  prairie,  the  presence  of  native  trees
and shrubs may be attributed to a modification of the water-
balance  either  by  an  increase  in  the  normal  amount  of  soil
moisture or by a decrease in the rate of transpiration from the
plant or by a combination o£ the two.  Most permanent streams
have at least narrow bands  o£ lower floodplain  trees  immedi-
ately  bordering  the  water,  but  the  presence  of  upper  flood-
Open uviamd trype-
plain or upland trees beyond this narrow band o£ trees is due
to the protection of the bordering bluffs.   The  pictures  in  the
i:-dTrtehseacrhearparcetseern::dtrteoe sahnodwshtrhuebg£noe;:i nwaittuh:ne tohfetzhoen::tes
These tree and shrub communities vary little in appearance
from north to south because there is little  change  in the bal-
ance  between  available  soil  water  and  the  loss  of  water  by
evaporation.  The chief difference in the species from north to
south is the dropping out of the green and prairie ash in Okla-
homa  and  Texas  and  the  appearance  there  o£  the  southern
hackberries and the soap-berry in the stands.  The comparative
importance of species of native trees and shrubs in the shelter-
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Trarvsitbon zorve.
belt area has been represented in a chart.  Strips running para1-
lei across the page represent the shelterbelt zone with divisions
showing  the  portion  of the  bit  in  each  state.    The  degree  of
abundance  and  iinportance  of  each  species  is  designated  by
different types of hatching and the  absence  of a  species from
any portion of the belt by a blank space.  A species is placed in
class one if it is found in sufficient abundance to influence the
habitat  of the  site  in  which  it  occurs  and  provided  the  type
of site in which it is found is common throughout the area desig-
nated.  In general those species which occur in a wider variety
of sites, if at all abundant in the site,  rank higher than those
which  are  more  specific  in  habitant  requirements.   Greater
abundance  of  a  species  in  the  site  may  to  some  extent  com-
pensate for a lack of distribution in different types o£ sites and
vice versa.   Shrubs and trees are  compared  separately in  de-
termining abundance and importance.
There are  180  species and varieties of trees and shrubs  re-
ported for the shelter belt zone.
This number has been reduced by the inclusion of two species
which are difficult to separate, as for example,  the  green and
prairie ashes in the green ash, and the inclusion o£ two varieties
under  one  specie's  name,  as  the  eastem  and  western  choke,-
cherry under the name of choke-cherry.  The list of trees and
shrubs follows:
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The  Adaptation  of  Na,tive  Trees  amd  Shrubs  to  Sheiterbalt,
manding.
Although  growth  conditions  in  this  large  shelterbelt  zone,
originally covered with grasses, are more unfavorable than in
the limited £orested areas along stream courses, there is little
doubt  that  the  forms  of  tree  and  shrub  species  bordering
streams in the area are better adapted to planting on the up-
land, only a short disltance away, than are those forms of the
same tree and shrub species grown under more favorable con-
ditions widely removed from the planting sites.
However,  a  few  species  o£  exotic  trees  and  shrubs  which
originally grew in sites comparable to those of the shelterbelt
area and have been successfully grolun in the area, should be
tested  as  to  their  adaptability  to  shelterbelt  planting.   None
of  these  species  or  special  forms  are  discussed  in  this  paper
since it deals only with the relation o£ naative vegetation to the
shelterbelt project.
The trees and shrubs native to the protected sites bordering
the streams of the area are more drought-resistant than repre-
sentatives of the  same  species  growing  under more  favorable
moisture conditions, chiefly farther east.  This is evident from
their  presence  under  more  xeric  conditions  as  well  as  from
morphological modifications generally recognized as of drought-
resistant significance, which are present in these western forms.
According to the principle of Klebs, the course of plant de-
velopment is determined by internal conditions,  but these  in-
ternal conditions may in turn be  altered  by  external factors.
When plant development has thus been indirectly  altered  by
environmental   (ecological)   conditions  o£  sufficient  effect  to
change  the  appearance  of  the  plant,  the  new  fo]m  is  recog-
nized as an ecotype.
It  seems  to  be  well  established  by  experimental  evidence
that these chanes in the ecotype are not permanent,  but that
the progeny will revert to the oriignal form when placed in the
original environment.  However, the important consideration is
that  plants  so  modified  have  structural  differences  and  also
different physiological  behavior  which  adapt  them  to  growth
in the drier habitat of the shelterbelt zone.
A chart, resembling the one previously discussed, shows by
different  hatchings  the  adaptabiilty  of  the  forms  of  native
shelterbelt trees and shrubs to planting in the shelterbelt zone
under various soil and aerial conditions.  The forms of trees and
shrubs are also ranked in the 'chart on characteristics of drought
resistance, alkali resistance, toleiance, rate of growth, flexibil-
ity   (ability  to  grow  under  a  variety  of  conditions),  silvical
value   (the  importance  in  the  individual  shelterbelt  stand) ,
economic value, wild life food value, and esthetic value.  From
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Beginn4ng  of ¢¬Badiamds"  formlatr'.OTL.
this chart, trees and shrubs may be selected for planting on the
basis of their ability to grow under a specific set of conditions
and on a basis of any particular value which they possess.
Investigation o£ the  climate of the shelterbelt and adjoining
areas is under the  direction  of Carlos  G.  Bates,  who  also  has
immediate  charge  of  the  entire  research  staff  of  the  project..
By the  tabulation  of  government  weather  records,  Mr.  Bates
and assistants have made maps of the meteorological factors of
the region.   These maps are  based  on  all  government  records
of the several states, including the 1933 and, in some cases, the
1934  data.   Various  relationships  of the  different  factors  have
been worked out.
The report of the botanical investigation of the native vege-
tation  of the  shelterbelt  zone,  with  maps  and  charts,  will  be
included  in  the  general  report  of  the  research  staff  o£  the
Shelterbelt Project, which is soon to be published.
